INTRODUCTION
It is well known that atmospheric scintillation not only increases the bit error probability in a pulse code modulated optical communications channel but also influences the decision level for optimum threshold detection. The later effect is of considerable practical importance to the design of efficient pulse code modulated optical communications systems regardless of whether fixed or adaptive threshold detection is used. Fried and Schmelzer 1 have considered the bit error rates in an optical communications channel by assuming gaussian detection statistics, an approximation which is valid only for large numbers of signal photons. Titterton and Speck 2 have treated the problem using Poisson statistics so that their results are valid for small numbers of signal photons also. Although both previous investigators have recognized that the optimum detection threshold changes in the presence of scintillation, neither has studied the effect in depth.
In this paper we investigate the optimum detection threshold in an on-off binary optical communications channel as a function of the number of received photoelectrons and the strength of scintillation.
Poisson detection statistics and log normal scintillation are assumed and, on the basis of this model, expressions to predict the optimum detection threshold are derived. In addition, we have investigated the bit error probabilities for sub-optimum choices of detection 3 threshold. This is of importance to the design and analysis of optical communications systems since exact optimization of the threshold level is never possible, especially in the presence of atmospheric effects. Application of these results to the design of fixed and adaptive threshold optical receivers is discussed.
ERROR PROBABILITY IN THE OPTICAL CHANNEL.
We shall consider an on-off binary optical communications channel in which the laser transmitter may send either a '1', which corresponds to a pulse being transmitted, or a '0' which corresponds to no pulse transmitted. Let S be the number of signal photoelectrons per pulse received at the detector when a '1' is transmitted and eS be the number of received signal photoelectrons when a '0' is transmitted. Here c is the reciprocal of the modulator extinction ratio.
We will assume that in addition to the signal photoelectrons the detector receives N noise photoelectrons per pulse, mostly due to background. In a threshold detection system the receiver interprets the received signal as either a '1' or a '0' depending on whether the total number of received photoelectrons is greater or less than some threshold level T.
In the presence of scintillation the probability of a detection error is
Where P(O) and P(1) are the apriori probabilities of sending '0' and a '1' respectively, PFA is the false alarm probability, ie. the probability of a '1' being received given that a '0' was sent, and PD is the detection probability, ie. the probability of a '1' being received given that a '1' was sent. PD and PFA are given by
j=t P Assuming log normal scintillation and a symmetrical pulse code we
where y is the incomplete gamma function
n X=T 7-
S O is the average number of signal photoelectrons per pulse and C is the variance of In(S).
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The bit error probability has been evaluated by numerical integration of equation 4 on a UNIVAC 1108 computer. The threshold T was initially taken to be the no scintillation optimum threshold given by 3
An iterative procedure was then used to minimize the error probability as a function of T, while holding SO, N, e and Ca constant. In this way we were able to simultaneously determine the optimum threshold in the presence of scintillation and study the effect of sub-optimum threshold on the error rates. Calculations were repeated for values of the parameters SO, c, N and Ck over the ranges likely to be encountered in practice. One feature of figure 1 which deserves note is the difference in the slope of the curves for large and small values of the log amplitude variance. When Ck is less than about 0.02 the error probability decreases rapidly with increasing number of signal photo-electrons, whereas for large values of C A the error probability tends to become relatively independent of the number of signal photoelectrons provided that S O is not too small. Thus there appears to be two regions, one in which the error probability is determined primarily by scintillation and the other in which it is mainly determined by signal strength. This dicotomy, which we might call the signal limited and'scintillation limited cases, will be seen more clearly when we consider the optimum detection threshold in the presence of
scintillation.
An alternate method of displaying these results is in terms of the transmitted power required to achieve a given bit error rate in the presence of scintillation as compared to the power required when there is no scintillation. In figure 2 the required power margin is shown as a function of bit error rate and log amplitude variance.
These results are essentially independent of the choice of N and e as long as both are relatively small. 
for all values of S with non negligible probability of occurance.
In particular, unless N is very large compared to S O , the noise associated with a zero being received is different from the noise associated with a one. Therefore 
SUB-OPTIMUM THRESHOLDS
In practice the detection threshold of an optical communications system operating through the atmosphere will never be perfectly optimized. If the threshold is fixed then changing atmospheric conditions will deoptimize the system and even if an adaptive threshold is used the system will be incapable of precisely tracking changes in signal strength and turbulence. In order to properly predict a communication system's performance it is necessary to know the expected bit error probabilities for non-optimum detection thresholds.
Investigation of the performance of non-optimum threshold detection is also necessary to the design of adaptive threshold systems. Other choices of parameters yielded curves which were essentially similar.
Inspection of figure 5 shows that with a fixed:detection threshold a decrease in scintillation will always result in an improvement in system performance even though decreasing the scintillation deoptimizes the system. That is to say that the bit error probability 12 decreases more rapidly with decreasing log amplitude variance than it is increased by the corresponding deoptimization of the threshold level. Thus if one selects the detection threshold that is optimum for the strongest expected scintillation and predicts the error rate on this basis, one is assured that the system performance will not be worse under conditions of weaker scintillation. This strategy might be appropriate if one wishes to insure that a given error rate will be obtained under all expected conditions. 
